1. We provide scenarios that raise ethical issues in relation to genetic technologies to groups of students. These groups consist of a mixture of three or four students drawn from a genetics course and a healthcare ethics course. On the first day of their meeting, they discuss the genetic and ethical issues involved in their assigned scenario. The students from the genetics course explain to their group members the science behind the case (e.g. explaining how diet impacts a genetic condition like phenylketonuria (PKU)), while the students from the ethics course identify the main ethical tensions, the relevant stakeholders, and the method they will use to tackle the ethical challenges. Students are required to formulate a group answer/ consensus to the ethical questions associated with their case, which they then present orally to the class on the second day of the Bowl. 2. Groups are assigned a scenario and a pro or con position. Similar to the format above, students identify the relevant medical and ethical issues and formulate arguments justifying why they believe the position they advocate is correct. During day two of the Bowl, they present their arguments. The pro and con groups for the same case take turns reading their statements. Then, the groups are given two to three minutes to offer a rebuttal.
We prefer cases that contain a compelling narrative with plausible characters seemingly drawn from real life stories. The New England Journal of Medicine often serves as a great generator of ideas for cases (3) . Likewise, Narrative Inquiry in Bioethics: A Journal of Qualitative Research also provides some compelling case studies. Topics that we have used and/or developed as cases, along with some references that can help with the development process, include:
• Testing asymptomatic minors (7) or adults (6, 2) for an incurable genetic disorder • Implanting embryos that are positive for achondroplasia, based on the wishes of parents with achondroplasia • Using pre-implantation genetic diagnosis to produce a "savior sibling" (4, 5) • Testing a fetus for an incurable, adult-onset, autosomal dominant genetic disorder that may reveal the genetic status of a father who does not want to be tested (1, 9) • Disclosing to a patient's family members, against the patient's wishes, that they are at risk for miscarriage if they are carriers of a genetic disorder that runs in that family • Forcing a mother with PKU to comply with a strict diet in order to avoid birth defects (10) • Using IVF (in vitro fertilization) to implant more than the recommended number of embryos at a patient's request (e.g. eight to ten) (8) • Participating in genetic research on specific ethnic groups that might lead to discrimination against that group (12) Assessment could be done in a variety of ways but here is our method:
• Students receive five points for attendance for each day of the Bowl (10 points total).
The Gen-Ethics Bowl -an In-Class Activity Combining Genetics and Bioethics • Students receive up to 10 points for an electronic submission of a brief statement (one to two paragraphs) summarizing the discussion they did in their groups on day one of the Bowl. We use the plagiarism software TurnItIn to make sure that students create their own unique statement.
• Groups were given between three and five points from the genetics instructor, depending upon how well they explained genetics concepts pertinent to the case. • Groups were given between three and five points from the philosophy instructor, depending upon how well they supported their positions.
We have found the following to be best practices for both formats:
• Scheduling the Bowl toward the end of the semester when topics related to genetics and bioethics have already been taught/discussed in detail in class. The last week of class is particularly ideal as it gives students a break from new material before finals week, while reinforcing and applying concepts learned from both courses.
• Beginning the first day with talking points (principles covered in both the genetics and philosophy courses that might apply to their cases) from the instructors. This usually takes five to eight minutes. Instructors also check in with each group to answer any questions they might have during group discussions.
• Making sure that students briefly summarize the case before they launch into their consensus or supporting evidence for their position on day two of the Bowl.
• Using "clickers" (Classroom Response Systems) to keep all students engaged in the cases and to let them share their opinions anonymously. Students can either vote on how well a particular stance was supported (on a scale of 1 to 5) for the first format or they can vote for the group that provided the more persuasive argument (pro vs. con) for the second format. Because student clicker responses may be affected by their own personal opinions/ biases related to the case, clicker results are not factored into grades.
• If time permits, it could be good to have a third day with open discussion for students to share their personal opinions on each case. Students tend to have strong and interesting opinions on these topics.
We encourage biology faculty to reach out to their colleagues in the philosophy discipline for potential collaboration. If combining classes is not an option, one could invite a guest lecturer with expertise in bioethics to discuss key points that can help drive group discussions. The British Medical Association has created a helpful flow chart for students encountering ethical problems: http://bma.org.uk/ practical-support-at-work/ethics/medical-students-ethicstool-kit/approaching-an-ethical-dilemma. For a survey of major ethical principles, see the introductory chapter of Ethical Issues in Modern Medicine (11) .
Feedback from students in both courses has been extremely positive since we first began the activity seven years ago and it ranks as one of their favorite activities during the semester.
